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OPTICAL MEASUREMENT APPARATUS 

1. Field of the Invention 

[0001] This invention relates in general to the field of metrology, and more 
particularly, to an apparatus, system and method for measuring the features of three 
dimensional objects, such as for example, items used in semiconductor processing. 

2. Background 

[0002] The need for obtaining highly accurate measurements of three-dimensional 
objects in a short period of time arises in many industries and fields of endeavor, especially 
in the manufacturing sectors. One example can be found in the semiconductor processing 
industry wherein there is a need for accurate measurements of semiconductor wafer carriers. 

[0003] Wafer carriers include wafer cassettes which can be used for 200mm 
semiconductor wafers, and front opening universal pods (FOUPs) which can be used for 300 
mm wafers. These wafer carriers hold a number of semiconductor wafers in a substantially 
rigid housing. Typically these carriers include a plurality of slots into which the wafers are 
inserted. 

[0004] Different wafer carrier types may be used depending upon the nature of the 
processing a wafer is undergoing. For example, during chemical cleaning stages, a wafer 
carrier constructed of a chemical resistant plastic material is typically used. However such 
wafer carriers can be subjected to high temperatures as well as physical stresses during the 
course of wafer processing. As a result, carriers can become warped or deformed after 
repeated use. For example, such warpage or deformation may cause the carrier slots to vary 
in alignment which in turn may alter the spacing and alignment of the wafers themselves 
when placed in the slots. If so, the locations of the wafers inside the carriers can vary outside 
the tolerance range of automated wafer handling devices, such as wafer handling tools and 
wafer carrier handling tools, which are used to transfer wafers from one carrier to another or 
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to another location in the manufacturing process, or to transfer wafer carriers to another 
location. 

[0005] These automated transfer devices often require the wafers to be seated 
within the wafer carriers at specified positions within certain tolerances. If the wafers are 
5 seated outside these tolerances as a result of carrier distortion or any other reason, then the 
wafer handling device, which typically operates at high speeds, may mishandle the wafer. 
Mishandling of the wafers can result in scratches on the wafers or wafer breakage. 
Moreover, chips or breakage from one wafer can cause damage to other wafers in the carrier 
thus resulting in substantial financial loss relative to both the value of the wafers themselves 
O 10 as well as production delays. 

y [0006] In order to reduce or eliminate the use of wafer carriers which, for any 

^ reason, may fall outside specified tolerances, it is desirable to measure certain features of the 

carriers, such as warpage, with a high degree of accuracy. While the prior art has provided 
J mechanisms to measure such features, such mechanisms generally are either relatively 
r: 15 expensive and slow, on the one hand, or are limited in their measuring abilities, on the other 

ru 

FU hand. 

■saw 

SUMMARIES OF ILLUSTRATED EMBODIMENTS 

20 [0007] In one embodiment, an apparatus for use with a three-dimensional object, 

such as a wafer carrier, having a feature is provided. The apparatus is for use with an optical 
scanner having a scanning surface and comprises a mounting structure adapted to be 
disposed on the scanner. The mounting structure has a calibration mark adapted to be read 
by the scanner. Further, the mounting structure is adapted to position the object so that it is 

25 adjacent to the scanning surface of the scanner and at a first pre-determined distance from the 
calibration mark. The mounting structure further may be adapted to removably abut the 
optical scanner. 

[0008] In one aspect of the present invention, the mounting structure comprises an 
alignment surface adapted to abut the object. The alignment surface is disposed at a second 
30 pre-determined distance from the calibration mark. 
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[0009] In another aspect of the present invention, the alignment surface is adapted 
to abut the object at a point spaced apart from the scanning surface. 

[0010] In yet another aspect of the present invention, the alignment surface is 
generally cylindrical or generally spherical in shape. 

[0011] In yet another aspect, the mounting structure further comprises a first frame 
member and a second frame member. The first frame member has a bottom surface and a top 
surface. The bottom surface is adapted for placement on the scanning surface of the scanner. 
The top surface is adapted for receiving the object. The second frame member has a 
proximate end and a distal end. The proximate end is joined with the first frame member. 
The alignment surface is disposed on the distal end. 

[0012] In an alternative embodiment, a method of measuring a feature on a side of 
a wafer carrier is provided. A mounting structure is placed on a scanning surface of an 
optical scanner. The mounting structure has a calibration mark adapted to being scanned. 
The wafer carrier is placed on the mounting structure so that the carrier side is adjacent to the 
scanning surface. The calibration mark and at least a portion of the carrier side is scanned 
with the optical scanner. A value representing the distance between the calibration mark and 
the feature on the wafer carrier side is determined. 

[0013] In yet another embodiment, an optical scanner is operated to obtain an 
image. The image is comprised of a first image portion representing a first location point on 
the wafer carrier and a second image portion representing a second location point. A value 
representing the distance between the first location point and the second location point is 
calculated from the image. 

[0014] In one aspect of the present invention, the image is further comprised of a 
third image portion representing a third location point and a fourth image portion 
representing a fourth location point. The third and fourth location points represent positions 
on other than the carrier. A second value representing the distance between the third and 
fourth location points is calculated. The optical scanner is calibrated with the second value. 

[0015] In yet another embodiment, data representing an image is received. The 
image comprises a first image portion representing a first location point on the wafer carrier 
and a second image portion representing a second location point. A value representing the 
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distance between the first location point and the second location point is calculated from the 
image. 

[0016] In another aspect of the present invention, data representing an image of a 
feature of the carrier is received. A first value corresponding to the carrier feature is 
5 calculated from the image. A second value being derived from other than the image is 
retrieved. The first value is compared with the second value. 

[0017] There are additional aspects to the present inventions. It should therefore 
be understood that the preceding is merely a brief summary of some embodiments and 
aspects of the present inventions. Additional embodiments and aspects of the present 
jz 10 inventions are referenced below. It should further be understood that numerous changes to 
Q the disclosed embodiments can be made without departing from the spirit or scope of the 

E i; f: . 

rj inventions. The preceding summary therefore is not meant to limit the scope of the 
y inventions. Rather, the scope of the inventions is to be determined by appended claims and 
£ their equivalents. 
15 

[U BRIEF DESCRIPTION OF THE DRAWINGS 

y [0018] FIG. 1 is a perspective view of a wafer cassette. 

FIGs. 2a, 2b and 2c are cross-sectional side views of cassette slots and teeth, and a 
20 semiconductor wafer. 

FIG. 3 is an exploded perspective view of an optical measurement apparatus in 
accordance with one embodiment of the present invention. 

FIG. 4 is a perspective view of a mounting structure of the apparatus of FIG. 3. 
FIG. 5 is a perspective view of a mounting structure and scanner of the apparatus of 
25 FIG. 3 shown with a mounted cassette. 

FIG. 6 is a plan side view of the mounting structure of FIG. 3 shown with a mounted 
cassette. 

FIG. 7 is a bottom plan view of the mounting structure of FIG. 3 shown with a 
mounted cassette. 
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DETAILED DESCRIPTION 
[0019] In the following description, reference is made to the accompanying 
drawings which form a part hereof and which illustrate several embodiments of the present 
invention. It is understood that other embodiments may be used and that structural and 
5 operational changes may be made without departing from the scope of the present invention. 

[0020] The present invention is intended to be used for the measurement of a wide 
variety of three-dimensional objects which may be found in many industries and businesses. 
However for illustration, the use of the invention in connection with a wafer cassette as used 
in the semiconductor manufacturing industry is provided, 
u 10 [0021] Referring to FIG. 1, a standard wafer cassette 100 is shown. The cassette 

n 1 00 includes a bottom wall 102 which has a generally H-shape and a top wall 1 04, both of 
which are connected by two side walls 106. A front opening 108 exposes a plurality of 

ZJiJr, 

Sj internal grooves or slots 1 10a, 1 10b which are defined by a plurality of teeth 1 1 1 extending 
> inward from the side walls 106. Each of the slots 1 10a, 1 10b is sized to receive a 
s 1 5 semiconductor wafer 1 1 2 which can be inserted via the front opening 108. Extending 
fy outwardly from the front opening are two flanges 1 14, one of which has two alignment pins 
}ij 116 protruding therefrom. The flanges 1 14 and alignment pins 1 16 are adapted for mating 

Q with semiconductor handling equipment used in the processing of the wafers. 

[0022] Extending below the bottom wall 102 is an H-bar 118 which forms the base 
20 of the cassette. The H-bar 1 1 8 follows the contour of the bottom wall 1 02 and therefore also 
is shaped as an "H The H-bar 1 1 8 bears the weight of the cassette 100 as it sits in a 
horizontal orientation. Extending above the top wall 104 is a handle 120 for convenient 
manual carrying of the cassette 100. The cassette 100 also has a rear opening 122 from 
which extends two rear ledges 124. The rear ledges 124 are used to secure the cassette 100 
25 in a pre-determined position during wafer handling operations. 

[0023] Referring now to FIG. 2a, a side cut-away view of opposing slots 1 10a, 
1 10b of the cassette is shown. The slots 1 10a, 1 10b are formed on the cassette side walls 
106 by the plurality of teeth 1 1 1 which define opposing slot end walls 130a, 130b, upper slot 
surfaces 128a, 128b and lower slot surfaces 126a, 126b. The distance between the opposing 
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end walls 130a, 130b is the root, r, of the slots 110a, 1 10b. The lower surfaces 126a, 126b 
slope downward from a horizontal plane by an angle, a 

[0024] As shown in FIG. 2b, after the wafer 1 12 is inserted into the cassette, the 
wafer 112 rests upon the lower surfaces 126a, 126b of the slots 1 10a, 1 10b. However should 
5 there be warpage of the side walls of the cassette, the opposing slots 1 10a and 1 10b may be 
further apart. The root, r, therefore will be greater in length, and because of the downward 
slope of the lower surfaces 126a, 126b, the wafer 1 12 will sit at a lower horizontal position 
due to the warpage, as best seen in FIG. 2c. These deviations in the horizontal position of the 
wafer 1 12 can exceed equipment specifications which can result in wafer damage caused by 

S 10 the automated wafer handling devices. Moreover, wear and tear on the cassettes due to 

repeated usage in manufacturing processes can result in warpage of the teeth 1 1 1 including 

yj the upper surfaces 128a, 128b or lower surfaces 126a, 126b of the slots 1 10a, 1 10b. Thus 

il should the angle a increase as a result of tooth warpage, the wafer 1 12 may likewise rest in a 

+" horizontal position that is too low for proper automated handling. 

M= 15 [0025] Having illustrated in detail an exemplary three dimensional object and the 

fu importance in a manufacturing setting of obtaining precise measurement information about 
5 the object's features, various embodiments of the invention will be described. Referring to 
M= FIG. 3, an exploded perspective view of an optical measurement apparatus in accordance 
with one embodiment of the present invention is shown. An optical scanner 132 having a 
20 scanning surface 136 is in communication with a general purpose computer 134. A 

mounting structure 138 is removably disposed on the scanner 132. The mounting structure is 
adapted to receive the three-dimensional object being measured, which in the case of the 
illustrated embodiment, is the cassette 100. The purpose of the scanner 132 is to obtain an 
image of a portion of the object being measured, convert the image into digital data and 
25 supply this image data to the computer 134. 

[0026] In the illustrated embodiment, the optical scanner 132 is a conventional 
flatbed scanner, the construction and operation of which is well known in the art. An 
example may be the model D1230UF flatbed scanner, manufactured by Canon USA, Inc., 
Lake Success, New York, U.S.A. In one type of optical scanner, a light source below the 
30 scanning surface 136 illuminates the object which has been placed adjacent to the surface 
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136. This surface 136 typically includes a protective window 140 which often is constructed 
of transparent glass or plastic. The window 140, in turn, is protected by a hinged lid 142 
which may be removed should it interfere with the structure 138 or cassette 100. 

[0027] Blank, white or light areas reflect more light than do darker features. A 
5 motor moves a scan head beneath the scanning surface 136 in a generally linear scanning 
direction tf, and as it moves, the scan head captures light reflected off of individual areas of 
the object being scanned. The reflected light is again reflected through a system of mirrors 
which direct the light to a lens. The lens focus the light beams onto scanning elements which 
translate the quantity of light into an electrical current. These elements can be photo diode 
y x 10 elements, CCD's, or any other device which can translate a quantity of light into an electrical 
y current or voltage. Generally, the more light that is reflected, the greater the voltage or the 

s jj 

hi current. An analog-to-digital (ADC) converter stores each analog voltage reading as a digital 
rj pixel representing a black or white along a line running orthogonal to the movement direction 
d of the scan head that can contain hundreds or thousands of pixels per inch. (Some scanners 

53SB 

~ 1 5 can translate the voltages into shades of gray, or through the use of red, green and blue filters, 
ST- can create representations of color.) In any event, the digital information is sent to software 

[U in the computer 1 34, where the data is stored in a format with which a graphics program can 
□ work. 

[0028] At least two resolutions may be inherent in optical scanners of this type. A 
20 first resolution is a function of the number of pixels per inch running along the line which is 
orthogonal to the scanning direction of movement d. The more pixels per inch reflects a 
higher pixel pitch or resolution. 

[0029] A second resolution is concerned with a second line which runs parallel to 
the scanning direction of movement d. The scan head is mounted on a transport which is 
25 moved across the target object. Although the process may appear to be a continuous 

movement, the head generally moves only a small fraction of an inch at a time, taking a 
reading between each movement. In the case of a flatbed scanner, the head is usually driven 
by a stepper motor, a device which turns a predefined amount each time an electrical pulse is 
fed. Thus the number of stops per inch determine this y-direction sampling rate which 
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sometimes also is referred to as a scan line pitch or resolution. Different models and designs 

of optical scanners can result in variations in both types of these resolutions. 

[0030] Although the illustrated embodiment discloses a conventional flatbed 

scanner, it should be appreciated that other embodiments may include other optical scanning 
5 systems and methods. For example, the optical scanning method or scanner could comprise 

an X-Y motion table with a fiber optic (or other single point image/reflection) sensor, a CCD 

line or raster camera, or a digitized traditional video camera. 

[0031] The computer 134 may be any computer device known in the art, such as a 

desktop computer, laptop computer, workstation, mainframe, server, personal digital assistant 
II 10 (PDA), etc., which is comprised of a processing unit capable of executing software routines. 
O The computer 134 would include an operating system such as UNIX, OS/2, WINDOWS 
yj 95/98/NT/2000/XP, LINUX, Apple, etc. Attached to the computer 134 is a display monitor 
^ 135, which may be comprised of any computer display device known in the art. An input 
HF device such as a keyboard 137 could also be provided to allow a user to enter data or 

U 1 5 otherwise operate the computer 1 34. Other input devices may be comprised of any input 
LH means known in the art, including a mouse, touch screen display, voice activated input, 
DO electronic pen, etc. 

j7 [0032] FIG. 4 shows a perspective view of the mounting structure 138 in 

accordance with one embodiment of the present invention. The mounting structure 138 has a 

20 first frame member 144 having a bottom surface 166 (FIG. 7) and a top surface 146. The 
bottom surface 166 is adapted for placement on a scanning surface of a scanner. The top 
surface 146 is adapted to receive a portion of the three-dimensional object being measured. 
In this embodiment, slots 147 are formed in the first frame member 144 in order to mate with 
the alignment pins 116 of the cassette 100 (FIG. 1) to facilitate level seating of the cassette 

25 100 on the structure 138. To further facilitate this level seating, the thickness of the first 

frame member 144 preferrably equals or exceeds the length of the alignment pins 1 16 so that 
the pins do not contact the protective window 140 of the scanner 132 (FIG. 3). Alternatively, 
the protective window 140 could be modified with holes adapted to mate with the alignment 
pins 116. However, a preferred embodiment reduces or eliminates the need for modifications 

30 to the scanner. 
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[0033] Because there is some vertical distance between the scanner surface 136 
and the part of the object being measured, it is preferable to use a scanner with CCD 
scanning elements as opposed to photo diode scanning elements. Some CCD scanning 
elements can have a depth of field of approximately two inches thus permitting more 
accurate scanning of object features which are separated from the scanning surface. 

[0034] A second frame member 148 has a proximate end 150 which is joined with 
the first frame member 144 and a distal end 152. The first frame member 144 and the second 
frame member 148 define planes which are orthogonal to one another. The distal end 152 of 
the second frame member 148 has a generally cylindrically-shaped alignment surface 154 
disposed thereon. As will be explained more fully below, this alignment surface 154 is 
adapted to abut the object being measured at a point which is spaced apart from the scanning 
surface of the scanner and at a known, pre-determined distance from other points on the 
structure 138. A pair of brace members 156, 158 connect the first and second frame 
members 144, 148 so that they are rigidly secured to one another. 

[0035] While the illustrated alignment surface 154 is generally cylindrical in 
shape, other alignment surfaces may include a spherical shape, or any other shape, such as 
for example, a square, slit, triangular notch, etc., which preferably permits a precisely- 
defined contact point with the object so that the object is not constrained in any appreciable 
manner so that it can assume its true "rest" position for measurement purposes. 

[0036] The first frame member 144 further includes optical calibration marks 
comprising a first calibration mark 160, a second calibration mark 161, and a third calibration 
mark 162 on one side of the first frame member 144, and a fourth calibration mark 163, a 
fifth calibration mark 164, and a sixth calibration mark 165 on the opposite side of the first 
frame member 144. In the embodiment of FIG. 4 these optical calibration marks comprise 
notches extending from the top surface 146 to the bottom surface 166 (FIG. 7) of the first 
frame member 144. Thus the calibration marks 160- 165 are adapted for being read by the 
scanner 132 when the mounting structure 138 is placed on the scanner 132. 

[0037] The mounting structure is preferably constructed with precision so that the 
calibration marks 160- 165 are at precisely known, pre-determined distances from the 
alignment surface 154 and from each other. It should be appreciated that while the 
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calibration marks 160- 165 of FIG. 4 are notches, other embodiments can include etchings 
or markings on the bottom surface 166 of the first frame member 144, holes or other 
openings extending through the first frame member 144, or any other distinguishing feature 
which is on any part of the mounting structure 138 and which is adapted to being read by the 
5 scanner 132. Although the illustrated embodiment shows six calibration marks, other 

embodiments may have a greater or lesser number of marks. Moreover while the calibration 
marks 160-165 of FIG. 4 are located on two opposing sides of the four-sided first frame 
member 144, other embodiments may include calibration marks on one or both of the other 
two sides of the frame member. 
s . 10 [0038] FIGs. 5 and 6 show the cassette 100 mounted on the mounting structure 138 

O which in turn is mounted on the scanner 132 in a preferred juxtaposition so that a portion of 
hj the cassette 100 can be scanned and measured. (In FIG. 6 the brace member 158 is 

intentionally omitted from the figure in order to provide an unobstructed side plan view of 
H the cassette 100.) In this embodiment, the front opening 108 (FIG. 1) is the portion of the 
J 15 cassette which is to be scanned and measured, and accordingly, it is the portion which is 
ST : placed on the top surface 146 of the first frame member 144 which in turn is placed on the 
fU protective window 140 of the scanner 132. 

2 [0039] The cassette 100 is positioned so that its H-bar 118 abuts the alignment 

^ surface 154 of the mounting structure 138 at a point located above the scanning surface thus 
20 separating the cassette flange 1 14 from the second frame member 148 by a distance d h (FIG. 
6) Thus it can be appreciated that should there be warpage of the cassette 100 along an axis 
extending through its front and rear openings 108, 122, the distance di may vary. 

[0040] As best seen in FIG. 6, because the cylindrically-shaped alignment surface 
154 is spaced apart from the scanning surface and because the alignment surface 154 is a 
25 known distance from one or more of the calibration marks 160-165 (FIG. 4) which are 

located on the first frame member 144, the mounting structure 138 employs principles which 
may be similar to that of a sine bar - a measurement instrument in the field of metrology. 
Thus referring to FIGs. 6 and 7, as the distance d 2 varies, so too will the distance from one or 
more of the calibration marks 160 - 165 to any given feature on the cassette, such as the 
30 tooth 111. 
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[0041] FIG. 7 is a bottom plan view of the front opening 108 of the cassette 100 as 
it sits upon the mounting structure 134. Thus FIG. 7 illustrates how the cassette 100 and 
mounting structure 134 appear from the perspective of the movable scan head of the optical 
scanner (FIG. 5). The scan head moves in the linear direction d, and therefore the first, 
second and third calibration marks 160-162 define a line which runs in a generally parallel 
direction to that of the scan head movement. The fourth, fifth and sixth calibration marks 
163 - 165 define a similar line which runs in the same generally parallel direction. 

[0042] On the other hand, the first and sixth calibration marks 160, 165 define a 
line running generally orthogonal to the scan head direction d. The same is true for a line 
defined by the second and fifth calibration marks 161, 164 as well as a line defined by the 
third and fourth calibration marks 162, 163. 

[0043] In operation to measure a feature on the side of the wafer cassette 100, the 
mounting structure 134 is placed on the scanning surface of the optical scanner which is 
connected to or otherwise in communication with the computer. As best seen in FIGs. 5 and 
6, the cassette 100 is placed on the mounting structure 134 so that the cassette flange 114 
rests upon the top surface 146 of the first frame member 144 and the cassette H-bar 118 abuts 
the alignment surface 154. The scanner is operated so that image portions for at least two 
location points are obtained. For example, one calibration mark as well as at least a portion of 
the cassette could be scanned. The computer then analyzes this image by performing a 
numerical best fit of the image portions representing the calibration point and the cassette 
portion being measured which in turn can be used to determine a value representing the 
distance between the calibration mark and the feature of the cassette being measured. 

[0044] It should be appreciated that by using the mounting structure 1 34 having the 
calibration marks 160-165 which are separated by known distances from each other and 
from the alignment surface 154, many features of the cassette 100 can be measured. Because 
the measurements are achieved with an optical scanner in communication with a computer, 
these measurements can be stored in a database for comparison against manufacturer 
specifications, in-house cassette inventory data, etc. 

[0045] Referring again to FIG. 7, a self-calibration of the scanner can be 
accomplished by taking measurements between the calibration marks 160-165. The scan 
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head moves in a linear direction d. Therefore by taking a scanned image of the first and 
second calibration marks 160, 161, for example, and counting the number of scan lines, the 
scan line pitch or resolution for the particular scanner can be determined. This resolution 
value may be the scan line count divided by the known, pre-determined distance between 
these marks as established during construction of the mounting structure 134. 

[0046] Similarly, the pixel resolution or pitch can be determined by taking a 
scanned image of the second and fifth calibration marks 161, 164, for example, to determine 
the number of pixels between these marks and dividing this pixel count by the known, pre- 
determined distance between these marks as established during the construction of the 
mounting structure 138. 

[0047] It should be appreciated that the self-calibration feature of the embodiment 
of FIG. 7 can be used independently of the model of optical scanner being used. The 
mounting structure 134 can be used with optical scanners of different makes and designs, 
each of which can be calibrated in this fashion without the necessity of constructing separate 
mounting structures for each type of scanner. 

[0048] Additionally, the mounting structure itself can be scanned and its alignment 
measured or analyzed to see whether it has been dropped or otherwise damaged. Data 
corresponding to an image representing a plurality of calibration marks on the mounting 
structure can be received by the computer. A first geometric shape formed by the calibration 
marks can be determined and compared with a second, known geometric shape which 
represents the manufacturer's specification relationship between the calibration marks. For 
example, the mounting structure 134 of FIG. 7 is constructed so that the first, third, fourth 
and sixth calibration marks 160, 162, 163, 165 are in a known, geometric relationship with 
one another - in this case, a rectangular relationship. These four marks can be scanned and 
their image analyzed to determine whether they are in the rectangular relationship thus 
indicating that the mounting structure 134 likely is not damaged. On the other hand, if the 
marks were determined to be in a trapezoidal relationship, for example, rather than the 
desired rectangular relationship, then this may indicate that the mounting structure 134 is 
damaged. 
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[0049] As previously mentioned, a plurality of features of the cassette 100 can be 
determined by scanning one or more locations on the cassette 100, and optionally, one or 
more calibration marks, as the case may be, and measuring the distances between these 
locations or marks. Examples of measurable cassette features include: (1) slot pitch, 
5 (2) warpage of the cassette along a front-rear axis relative to the cassette base, (3) slot splay 
and slot tilt (based upon calculation from the previous two features); (4) the distance or 
offset between the cassette front opening and the base; (5) the distance between the centerline 
of the lowest slot to the centerline of the of the highest or top slot, (6) bowing of the cassette 
side walls either inward/outward or left/right; (7) warpage of the cassette in a horizontal 

^ 10 plane as viewed from the top of the cassette; (8) side-to-side clearance at the slot root, i.e. , 

O the root length; and (9) slot tooth profile. 

hj [0050] For example, the root of a particular slot could be measured by scanning the 

:: : 

r? centerline of one slot end wall 130a (FIG. 7) and the centerline of the second, opposing slot 

H= end wall 130b and calculating the distance between these points. This value can then be 

sz 

T 1 5 compared against the manufacturer specification data to determine inward or outward 

!f; warpage of the cassette sides and thus, the acceptability of the cassette for further usage. 

ru 

fy [0051] A measurement of slot pitch can be made by scanning the centerline of the 

% one slot end wall (preferably the first slot end wall) and the centerline of another slot end 

^ wall (preferably the last slot end wall) on the same side of the cassette opening and 

20 measuring the distance between them. Dividing this measured distance by the number of 
slots between the measured bases can yield the slot pitch. 

[0052] Warpage along a front-rear axis relative to the cassette base may be 
measured by scanning and calculating a distance between a calibration mark and a cassette 
component which is susceptible to warpage position changes along a line orthogonal to the 
25 scan head direction d. For example, scanning an image of the cassette H-bar 1 18 at the 
opening of the cassette (FIG. 1) and of the fifth calibration mark 164 and calculating the 
distance between these points may yield a value that varies with warpage along the front-rear 
axis and which, for illustration purposes, is a function of the distance dj as shown in FIG. 6. 
(Although the cassette base or H-bar is not shown in FIG. 7, it can be appreciated that the 
30 mounting structure 134 can be modified so that the base would be adapted to be read by the 
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scanner in order to scan and measure the foregoing feature.) The measured distance between 
the H-bar 1 18 and the fifth calibration mark 164 can then be compared with that of a similar 
measurement for a cassette known to meet the manufacturer's specification in order to 
determine whether the test cassette has unacceptable warpage along that axis. 

[0053] Similarly warpage in a horizontal plane as viewed from the top of the 
cassette can be determined by scanning and calculating the distance between a calibration 
mark and a cassette component which is susceptible to warpage position changes along a line 
parallel to the scan head direction d. For example, an image of the tip of a cassette tooth 1 1 1 
and the second calibration mark 161 can be scanned and the distance between these points 
can be calculated. It will be appreciated that if there is warpage in a horizontal plane as 
viewed from the top of the cassette, this distance will vary. Thus this measured distance can 
be compared with that of a similar measurement for a cassette known to meet the 
manufacturer's specification in order to determine whether the test cassette has unacceptable 
warpage along this plane. 

[0054] Another feature indicative of cassette warpage or wear is the distance 
between a point on the scanner base or H-bar located at the front opening of the cassette and 
the centerline of the end wall of the 1 st or closest slot tooth. (Although the cassette base is 
not shown in FIG. 7, it can be appreciated that the mounting structure 134 can be modified so 
that the cassette base would be adapted to be read by the scanner in order to scan and 
measure the foregoing feature.) Other features which may vary with cassette wear include 
slot tooth profiles and slot tooth angles which can be determined by scanning and measuring 
the distance between a plurality of location points on any given slot tooth. 

[0055] As to all of the above-described cassette features, it will be appreciated that 
manufacturer specification data for each of these features can be stored in the computer 
system. Thus when a portion of a test cassette (and, if necessary, a calibration mark) is 
scanned, the image data can be received by the computer and a value corresponding to a 
cassette feature can be calculated. Another value representing the manufacturer specification 
for that same feature can be retrieved by the computer and compared with the feature as 
measured on the test cassette. A determination can then be made as to the acceptability of 
the cassette for further wafer processing usage. 
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[0056] Moreover, each of the foregoing cassette features can be stored in a 
computer readable medium in a database or other suitable data storage format. Thus data can 
be accumulated over time, both for the cassette being tested as well as the entire population 
of cassettes being used by the fabrication facility. To facilitate this data generation, storage 
5 and retrieval, a unique identification number can be assigned to each cassette. This 

identification number can be represented as a bar code which can be attached to or otherwise 
associated with each cassette. Then the bar code number can be optically scanned either with 
a hand-held scanner or with the flat bed scanner before, during or after the point in time when 
the above-described cassette features are being measured. The computer then can receive 
10 data corresponding to the bar code number for that cassette, associate the bar code data with 
the cassette features being measured and store this bar code data. 

[0057] Alternatively, the cassette identification number can be provided to the 
computer through reading serial numbers or other non-barcode identifying markings on the 
cassettes, through electronic means such as identity tags (sensed by contact or wireless 
1 5 means), or even through human manual input by taking the numbers from printed tags or 
other identity marks. 

[0058] Alternatively still, all of the cassette's data, i.e., data for the cassette 
identification number or measured features or both, could be stored in an electronic storage 
medium which is attached to the cassette itself. In this manner the cassette's data can travel 
20 with the cassette as it proceeds through the semiconductor wafer processing facility. 

[0059] Having developed and stored data for cassette identification numbers and 
measured features for one or more cassettes, other advantages can then be realized. For 
example, as a particular cassette is used by an automated wafer handling tool, the cassette's 
bar code identification can be scanned and the values associated with previously-measured 
25 features for that particular cassette can be retrieved from storage. These values can then be 
provided to the wafer handling tool. For example, certain settings or alignment values for the 
tool can be adjusted to conform to the unique cassette being used at the time, thus reducing 
the possibility of wafer damage resulting from tool mis-alignment. 

[0060] Stored data for cassette features for a population of cassettes can be used 
30 for analysis. For example, statistical analysis on this data can be performed to determine 
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information such as failure rate, etc. Moreover, mean, average and median values of 
particular features for the entire population of cassettes can be calculated for evaluation. 
These values, which are based upon the total population of cassettes used in a facility, in 
turn, can be compared against a follow-up set of data representing one or more features of a 
follow-up cassette. Thus this test cassette can be compared to the total population to 
determine whether the test cassette falls outside of the specifications for acceptable usage. 

[0061] The values which are based upon the total population of cassettes in a 
facility can also be used in connection with the automated wafer handling tools. That is, 
these values, which represent the mean, average, or some other function of the features of the 
total population of cassettes, can be provided to the automated tools for use in their 
calibration or alignment. 

[0062] While the description above refers to particular embodiments of the present 
invention, it will be understood that many modifications may be made without departing 
from the spirit thereof. The claims are intended to cover such modifications as would fall 
within the true scope and spirit of the present invention. The presently disclosed 
embodiments are therefore to be considered in all respects as illustrative and not restrictive, 
the scope of the invention being indicated by the claims rather than the foregoing description, 
and all changes which come within the meaning and range of equivalency of the claims are 
therefore intended to be embraced therein. 



